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Abstract. A synthetic 17-mer peptide corresponding to an 
unique sequence in the amino-terminal region of human 
creatine kinase B was used to raise a new and highly B- 
subunit-specific monoclonal antibody, CK-BYK/21E10. 
We show here that the monoclonal antibody is suitable 
for immunohistochemistry of unfixed frozen sections as 
well as formaldehyde- or Bouin-fixed, paraffin-embed- 
ded sections of human, rabbit, and mouse tissues. More­
over, in the study of cell- and tissue-specific distribution 
patterns, parallel Western blot analysis and immuno- 
electron microscopy is possible using this antibody. Our 
analyses demonstrate that creatine kinase B expression 
is restricted to a specific subset of cell types in various 
tissues. In brain, the B-subunit was found only in neuro­
cytes, but not in glia cells. High expression was also ob­
served in inner segments of photoreceptor cells and the 
outer plexiform layer of the retina, in the parietal cells of 
the stomach and in gut enterocytes, gallbladder and epi­
thelial cells of the urogenital system. The possible roles 
of the creatine kinase/phosphocreatine-ATP system in 
these tissues are discussed.
Key words: Creatine kinase -  B-subunit -  Monoclonal 
antibody -  Immunohistochemistry -  Immuno-electron 
microscopy -  Western blot -  Mouse (C57BL/6) -  Rabbit 
(New Zealand White)
Introduction
Creatine kinases (CKs, EC 2.7.3.2) constitute a small 
family of isoenzymes that catalyse the reversible ex­
change of high energy phosphate groups between phos- 
phocreatine (PCr) and ADP through the reaction:
MgADP-+PCr2-+H+<->MgATP2”+Cr.
Together, the enzymes and phosphoryl metabolites 
form the creatine kinase/phosphocreatine (CK/PCr) sys­
tem» which plays an important role in the energy metab-
Correspondence to: B . Wieringa
olism of higher eukaryotic cells. In mammals, four CK 
subunits are known to exist, each of which is encoded by 
a distinct gene whose expression is cell-type specific and 
developmental^ controlled. Two subunits, B-CK (brain) 
and M-CK (muscle), are located in the cytosol, where 
they are enzymatically active as BB-CK or MM-CK ho­
modimers, or MB-CK heterodimers (Wallimann et al.
1992). The other two subunit isoforms, ubiquitous Mia- 
CK and sarcomeric Mib-CK are restricted to the mito­
chondria (Wyss et al. 1992).
The CK system is thought to function as a temporal 
energy buffer in cells that consume large amounts of 
ATP, whenever the rate of ATP hydrolysis exceeds ATP 
synthesis. In cells where the sites of ATP production are 
distant from the sites of hydrolysis, it can also act as an 
energy transport system. This so-called ‘CP-shuttle’ 
(Bessman and Carpenter 1985), as proposed for skeletal 
muscle by Bessman and Geiger (1981), also plays a role 
in other cell types, such as photoreceptor cells of the ret­
ina (Wallimann et al. 1986b; Hemmer et al. 1993) and 
mature spermatozoa (Tombes and Shapiro 1985; Walli­
mann et al. 1986a). Finally, the CK system is involved in 
the maintainance of low ADP levels at the site of ATP 
hydrolysis (Iyengar 1984) and in intracellular proton 
buffering.
In the present report, we focus on the location and 
possible functions of the 43 kDa B-CK subunit. Al­
though B-CK is one of the first characterized CKs and is 
the most widely expressed subunit, relatively little is 
known about its tissue distribution and intracellular lo­
calization. Thus far, antisera reagents with broad CK 
specificity or polyvalent antisera against synthetic pep­
tides have almost exclusively been used for these studies 
(Wold et al. 1981; Friedman and Perryman 1991). More­
over, the B-CK monoclonals (MoAb) available thus far 
have been useful for protein conformation studies in vit­
ro (Morris and Cartwright 1990), but not for immunohis­
tochemistry and routine histology. Here, we describe a 
new MoAb developed using a synthetic peptide derived 
from the N-terminus of human B-CK as an antigen. To 
obtain further insight into the cell and tissue distribution
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of B-CK in mouse and rabbit, we screened fixed and un­
fixed tissues with this new antibody and verified our re­
sults by use of Western blotting. Also, the use of this an­
tibody for immuno-electron microscopy (IEM) is dem­
onstrated.
Materials and methods
Generation o f  a monoclonal antibody  
against human B-CK
Details on the production of antibody CK-BYK/21E10 have been 
described elsewhere (de Kok et al. 1995). Briefly, peptide immu­
nogen BW-17 was produced by standard solid phase synthesis 
(Sarin et ah 1981) and coupled to bovine serum albumin (BSA) at 
a molar ratio of 16:1. After collection of the preimmune serum, 
BALB/c mice were immunized by intraperitoneal injection of 
80 ¡dg BW-17/BSA conjugate in 300 jal phosphate-buffered saline 
(PBS) mixed 1:1 with Freund’s complete adjuvant on day 1. 
Booster injections (with Freund’s incomplete adjuvant) were giv­
en at days 14 and 28. Hybridoma production started at day 33. 
Standard methodology for fusion between immunized BALB/c 
spleen cells and SP2/OAG14 myeloma cells (Köhler and Milstein 
1975) was used. Screening was carried out by standard ELISA on 
plates coated with (i) B-CK/ß-galactosidase fusion protein pro­
duced in E. coli; (ii) BW-17/casein or BW-17/thyroglobulin con­
jugates; (iii) lysate from Sf-9 wt cells and from Sf-9 cells produc­
ing native recombinant B-CK using the Baculovirus system 
(Smith et al. 1983; de Kok et al, 1995); (iv) commercially avail­
able M-CK (Boehringer). Positive clones were recloned twice by 
limiting dilution. Finally, CK-RYK/21E10 (IgG2b) was chosen 
for its high specificity and stable growth characteristics, Process­
ing of ascites fluid was performed using standard procedures 
(Hoogenraad and Wraight 1986). Cells (5.106) were injected intra- 
peritoneally into nude BALB/c mice, pretreated with Pristan oil 
(Aldrich, Bornem, Belgium),
I
Western Blotting
Cell and tissue lysates were prepared from two 12 tol6-week-old 
mice (C57BL/6NCrl/BR, Charles River Wiga, Germany) and im­
mediately frozen in liquid nitrogen. Tissues were homogenized 
using a teflon-glass Potter-Elvehjem homogenizer in 1:10 dilution 
(wN) of buffer (50 U/ml heparin, 250 mM sucrose, 2 mM EDTA, 
10 mM TRIS-HC1 (pH7.4) and stored at -80°C. Homogenates 
were diluted five-fold in 20 mM phosphate buffer (pH7.4) con­
taining 0.05% (v/v) Triton X-10Q and incubated for 1 h at room 
temperature. After centrifugation at 14 000 rpm for 30 min at 4°C, 
supernatants were stored at -80°C until use (Smeitink et al. 1992). 
Western blotting was performed following standard protocols 
(Sambrook et al. 1989) using a mini-protean II apparatus (Bio- 
Rad, Richmond, Calif., USA). After separation on 10% polyacryl­
amide slab gels, proteins were electroblotted (1 h 250 mA) onto
i
nitrocellulose membranes (Schleicher and Schull, Dassel, Germa­
ny) in a buffer containing 25 mM TRIS-HC1 (pH8.3), 192 mM 
glycine, 0.2% SDS, 20% methanol. Before incubation membranes 
were treated with 1% gelatin in TRIS-buffered saline/Tween 20, 
pH7.5, (TBST, 10 mM TRIS-HC1, pH7.5, 150 mM NaCl, 0.05% 
Tween) to reduce background. Then, filters were incubated for 
30 min at room temperature with the primary antibody CK- 
BYK/21E10 (1:5000) in TBST containing 1% normal goat serum 
(NGS) and 0.1% BSA. After extensive washing in TBST, they 
were incubated with an alkaline phosphatase-conjugated goat anti­
mouse IgG (Promega Biotec, Madison, Wis., USA) in TBST con­
taining 1% NGS. Alkaline phosphatase activity was monitored by 
staining the membranes in nitroblue tétrazolium (NBT)/5-bromo-
4-chloro-3-indolyl phosphate, according to specifications of the 
supplier (Promega).
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Preparation o f  paraffin and a y o s ta t  sections
C57BL/6 mice (8-10 weeks) and New Zealand White rabbits (3 
months) were sacrificed by cervical dislocation. For paraffin sec­
tions, the tissues were removed and fixed overnight in 4% neutral 
buffered formalin, or in Bouin’s fixative. After déhydration they 
were embedded in paraffin (Paramat extra, BHD Gurr, UK) and 6- 
|i,m-thick sections were picked up on superfrost slides. For prepar­
ing cryostat sections, tissues were frozen in liquid nitrogen imme­
diately after dissection and stored at -80°C, Sections (6 Jim thick) 
were cut at -2 0 °C in a cryostat and stored on slides at -80°C be­
fore use.
Indirect immunoperoxidase assays (IPO)
After deparaffination in xylol and rehydration, sections were treat­
ed with 0.5% pepsin in 0.0IN HC1 for 15 min at 37°C, rinsed in 
water for 20 min followed by PBS for 5 min. Endogenous peroxi­
dase activity was blocked by treatment in 3% hydrogen peroxide 
in PBS for 20 min, followed by a 5-min wash in PBS. After prein­
cubation with 1% normal swine serum (NSS) in PBS for 30 min, 
the sections were incubated with the primary antibody CK- 
BYK/21E10 (1:2500) for 3 h at room temperature. Upon exten­
sive rinsing in PBS, they were incubated with a horseradish perox­
idase-conjugated rabbit anti-mouse antibody (1:100, Dakopatts, 
Glostrup, Denmark) for 30 min at room temperature. Following 
washing in PBS, peroxidase activity was detected with 0.1% 3- 
amino-9-ethylcarbazoîe (AEC, Sigma) and 0.03% H20 2 in 0,2 M 
NaOAc, pH4.9, for 5 min. Sections were counterstained with he­
matoxylin and mounted in glycerin-gelatine (Merck, Darmstadt, 
Germany).
Indirect immunofluorescence assays (IFA)
Frozen sections were dried for 30 min at room temperature. After 
30 min of preincubation in 1% NSS in PBS, the sections were in­
cubated with the first antibody CK-BYK/21E10 (1:2500) for 
60 min at room temperature and washed twice for 5 min with 
PBS. They then were incubated for 30 min with fluorescein-con- 
jligated rabbit anti-mouse antibodies (Dakopatts, Glostrup, Den­
mark) at a dilution of 1:50. After washing twice for 5 min with 
PBS, sections were mounted in Aquamount (BDH). They were 
analysed with a Zeiss Axioskop microscope with epifluorescent 
illumination (Carl Zeiss, Oberkochen, Germany). Photographs 
were taken using 400 ASA TMY film (Kodak, Rochester, N.Y, 
USA).
Immuno-electron microscopy (IEM)
The tissues were briefly rinsed in physiological saline and fixed 
immediately by immersion for 2 h in a mixture of 2% paraformal­
dehyde and 0.1% glutaraldehyde in 0.1 M PB, and were subse­
quently stored at4°C in 1% paraformaldehyde in PB. Small tissue 
pieces were immersed in 2.3 M sucrose and directly frozen in liq­
uid nitrogen. Ultrathin sections were cut with glass knives at 
-100°C with a Reichert Ultracut S, picked up on Formvar-coated 
copper grids and transferred onto melting gelatin. Sections were 
then rinsed three times in 0.1 M PB containing 0.1% BSA/0.1% 
gelatin/0.15% glycerin and incubated for 60 min at room tempera­
ture or overnight at 4°C with the primary antiserum CK- 
BYK/21E10 (1:20,000) or COTL1 (1:100), a MoAb to human co-
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Ion carcinoma (Poels et al. 1992) which served as a negative con­
trol. The second antibody RAM-IgG (25 jig IgG/ml) was applied 
for 45-60 min (room temperature). Sections were rinsed and incu­
bated in a protein A-gold (10-nm particles, prepared and used ac­
cording to the method of Slot and Geuze 1985) solution for 
60 min. Contrast staining consisted of 0.3% uranyi acetate in a 2% 
inethylcellulose solution. After removal of excess methyl cellulose 
the grids were dried. The ultrathin sections were examined with a 
Philips EM 301 electron microscope and photographed on 35 mm 
Kodak film.
Retinal sections were embedded in Lowicryl for examination. 
U pon fixation (as described above), cryoprotection was carried 
ou t by immersion in 10%, 20% and 30% glycerol in PB (30 min 
each  interval). Subsequently, the tissues were snap-frozen in liq­
u id  propane (KF 80, Reichert) and freeze-substituted in methanol 
(Reichert CS Auto). The embedding in Lowicryl HM20 resin 
(Bio-Rad, UK) was carried out at -4 5 °C with progressive increase 
o f  the ratio resin/methanol. Polymerisation was performed by UV- 
radiation for 16 h/45°C and 24 h/20°C. The blocks with the speci­
m ens were trimmed, orientated and glued on epoxy resin cubes. 
Ultrathin sections were cut and picked up on Formvar-coated 
nickel grids, subsequently incubated as described for the ultra­
cry  o-sections and counterstained with 3% uranyi acetate and 2.6% 
lead citrate,
was performed (Fig. IB), demonstrating the cross-reac­
tion of the MoAb with B-CK from other species.
Results
Characterization of the species specificity
o f  the monoclonal antibody (MoAb) CK-BYK/21E10
CK-BYK/21E10 (IgG2b) was raised against a polypep­
tide  derived from the N-terminal sequence of human B- 
CK. This peptide differs in two or three amino acid resi­
dues from the rat, rabbit and mouse sequences, and there 
is only an eight amino acid sequence (KLRFPAED) in 
th e  synthetic peptide that is conserved in all four species 
(Fig. 1A). To investigate whether the MoAb would also 
react w ith B-CK from these species, a Western ZOO blot
B-CK expression in mouse and rabbit tissues
Various paraffin-embedded adult mouse and rabbit tis­
sues were screened for their B-CK expression. The re­
sults are summarized in Table 1. For the tissues tested, 
no conspicuous differences in B-CK expression patterns 
between these two species were found. Generally, B-CK 
expression in simple epithelium appeared to be depen­
dent on the tissue type. No B-CK was found in either 
cartilage or in the osteocytes of the bone-shaft of adult 
mice. However, some staining, presumably of the osteo­
clasts was found in the joints of 16.5 dpc mouse embry­
os (data not shown). Background staining was observed 
in striated muscle and in kidney of mice (but not of rab­
bits), thus hindering the analysis of B-CK expression in 
these tissues. In rabbits, B-CK was essentially absent in 
skeletal muscle fibers. Smooth muscle cells stained in all 
tissues examined. In nervous tissue, only neurons were 
B-CK positive, in contrast to glia cells which were nega­
tive.
Rabbit heart muscle cells stained weakly, but the en­
docardium was negative. B-CK expression in blood ves­
sels was restricted to smooth muscle cells; connective 
tissue and endothelial cells were negative. In lymphoid 
organs, B-CK was only found in the spleen, where it was 
restricted to macrophages and dendritic cells. High ex­
pression was observed in both the ciliated and non-ciliat- 
ed cells of the pseudostratified columnar epithelium of 
the trachea and bronchial tree, whereas basal cells only 
stained weakly. This latter finding was confirmed by im­
muno-electron microscopy (unpublished data), as stain­
ing in basal cells was generally difficult to detect be­
A B
Species Sequence % homology
Human (BW17) S-Ñ-S-H-N-A-L-K-L-R-F-P-A-E-D-E-F
i
Rat S-N-S-H-N-T-Q-K-L-R-F-P A-E-D-E-F 88 208
Mouse S-N-S-H-N-T-Q-K-L-R-F-P-A-E-D-F-F 82 115
Rabbit S-N-T-H-N-r-L-K-L-R-F-P-A-E-D-E-F 82 79
Human M-CK G-N- T-H-N-/C-FK-L-W- Y-K-P-E-E-B- Y
a
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Fig. IA, B. Identification of the species specificity of MoAb CK~ 
BYK/21E10. A Sequence comparison of peptide immunogen BW- 
17. The MoAb was raised against the human B-CK peptide. Rat, 
mouse and rabbit B-CK, as well as human M-CK sequences are 
presented. Amino acid substitutions are given in bold italics. The 
percentage homology with BW17 is indicated. B Western Zoo 
blot performed with MoAb CK-BYK/21E10. Lane 1 Recombinant
human B-CK (1 |ig) isolated from Sf-9 cells (Baculovirus sys­
tem). Lane 2 Mouse brain lysate (20 |±g). Lane 3 Rat brain lysate 
(20 jug). Lane 4 Rabbit stomach lysate (20 jig). The antibody re­
acts with B-CK from all species tested. The weaker staining in 
lane 4 is due to the low amount of B-CK in stomach compared to
nervous tissue. Note the slight differences in migration between
1
human and rabbit B-CK and mouse and rat B-CK
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Table 1. Tissue-specific distribution o f
B-CK Mouse Rabbit Rabbit
IPO IPO I FA
-t-
1. General
Epithelium: -  simple + ( 1 )
-  stratified +
-  epidermis +
Connective tissue -
Adipose tissue —
Cartilage -
Bone -
Muscular tissue: -  smooth +
-  striated B -  -
Nervous tissue: -  neuron ++
-g lia l  cells -
2. Circulâtoiy system
Heart (atrium/ventricle) B ± ±
Blood vessels: -  elastic arteries +
-  muscular arteries +
-  large veins +
-  small veins ±
3. Lymphoid organs
Thymus —
Lymph nodes/lymph vessels -  
Spleen
4. Respiratory system.
Trachea +
Lung: -  bronchial tree +
-  alveolar tissue —
5. Endocrine glands
Hypophysis -
Epiphysis -
Thyroid -
Pancreas (including exocrine part) -
Adrenal glands -
6. Digestive system
Tongue +
Seromucous salivary glands (duct system) +
Esophagus +
Stomach: -  nonglandular part — -  -
-  glandular part (parietal cells) ++ ++ ++
-  glandular part (other cells) -  -  -  
Intestine (general): -  epithelial cells +
~ goblet cells -
-  Paneth cells -
-  endocrine cells -  
Small intestine: -  duodenum +
+
-jeju n u m  +
-  ileum +
Large intestine: -  cecum/appendix
-  colon ±
-  rectum ±
Liver -  — -
Gallbladder + + +
7. Urogenital system
Kidneys: —medulla ±
-  cortex +
Ureter +
Urinary bladder +
Testis -
Epididymis +
Vas deferens +
Seminal vesicle +
Coagulating gland +
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Table 1 (continued)
Mouse Rabbit Rabbit
IPO IPO IFA
7. Urogenital system  (continued)
Prostate +
Preputial gland +
Penis —
Ovary -
Fallopian tube +
Uterus ±
Vagina +
8. Skin
Epithelial layers +
Hair (external root sheath) +
Sebaceous glands +
9. Central nervous system
Cerebral hemisphere ++
Ependyma ++
Cerebellum ++ ++ ++
Spinal cord ++
10. Sensory organs
Eye: -  cornea (epithelium) +
-  retina ++
-  lens —
Inner ear (Corti) +
Abbreviations; ++, Strongly positive; ±, weakly positive; +, positive; —, negative; I, de 
pending on tissue; B, background staining
cause of the very small amounts of cytoplasm in these 
cells. In the alveolar tissue, B-CK expression was not 
detectable. All endocrine glands tested (hypophysis, 
epiphysis, thyroid, pancreas and adrenal glands) were 
negative.
In the epithelium of the tongue, the most intense 
staining was observed in the cells of the granular and su- 
prabasal layers. The basal cells stained only weakly, and 
no B-CK was found in the keratinized layer. High ex­
pression was found in the parietal cells of the fun die 
stomach (Fig. 2D), whereas chief cells, mucous cells and 
endocrine cells were negative. B-CK expression in the 
intestines was restricted to the absorptive epithelial cells. 
Goblet cells, Paneth cells and endocrine cells were nega­
tive. Within the absorptive epithelial cells, the most in­
tense staining was found in the apical cytoplasm. High 
expression was also observed in the columnar cells of 
the simple epithelium of the gallbladder (Fig. 2A-C), 
notably at the apical side. No goblet cells were found in 
any sections of the gallbladder examined.
In rabbit kidney, B-CK was located in the cortex as 
well as in the outer medulla, especially in the intercalat­
ed cells within the traject of distal convoluted tubules to 
collecting ducts. These observations were confirmed by 
staining serial sections with an antibody against calbin- 
din-D2yk, specific for the principal cells of the distal con­
voluted and connecting tubules (Bindels et al. 1991). B- 
CK expression was observed in all layers of the urotheli- 
um of the ureter (Fig. 2E) and urinary bladder, although 
it was more pronounced in the basal and intermediate 
layers than in the surface layer. In the male genital sys­
tem, intense staining was found in the principal (colum­
nar) cells of the pseudostratified epithelium of the epi­
didymis (Fig. 2G) and vas deferens, and in the cells 
(varying from columnar to cuboidal) of the seminal vesi­
cles, prostate and coagulating glands. Basal cells of 
these tissues stained weakly. No distinct staining was de­
tected in the testis (Fig. 2F). In the female genital sys­
tem, ovarian follicles of different stages were negative, 
B-CK was located in the ciliated cells but not in the non- 
ciliated or glandular cells of the simple columnar epithe­
lium of the oviduct and uterus. High expression in the 
vagina was observed in the granular and suprabasal lay­
ers. Basal cells stained weakly, whereas the keratinized 
layer was negative.
Because a complete analysis of all brain compart­
ments is beyond the scope of this report, only general re­
sults will be presented. High expression was found in all 
parts of the CNS. Surprisingly, staining was restricted to 
neurocytes, and was not detectable in glial cells. In the 
cerebellar cortex (Fig, 2J), very high expression was 
found in the Purkinje cells, both in the perikarya and in 
the projections. Neurons in the molecular layer were 
clearly positive, whereas small neurons in the granular 
layer were stained weakly and high levels of B-CK 
could only be detected in Golgi 2 cells. In the cerebellar 
medulla, only neurons of the deep cerebellar nuclei were 
stained. In the retina, high B-CK levels were demon­
strated in the inner segments of photoreceptor cells and 
in the outer plexiform layer (Fig. 2H-I). There was no 
staining in the outer segments of photoreceptor cells and 
in the retinal pigment layer, whereas intermediate stain­
ing was found in the other retinal layers. The precise 
cell-type-specific distribution of B-CK in the retina was
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Fig. 3. Western blot of various 
mouse tissues. Tissue extracts 
were prepared as described in 
Materials and methods, loaded on 
10% polyacrylamide gels and 
blotted. Blots were incubated 
with CK-BYK/21E10 and bound 
antibody was detected with the 
alkaline phosphate/nitroblue tét­
razolium method. The 43 kD B- 
CK band can be seen in epididy­
mis, stomach and nervous tissue 
and at low levels in spleen, testis, 
heart and kidneys
difficult to determine at the light-microscopical level. In 
the decalcified inner ear, staining was found in the stria 
vascularis, the interdental cells, and in spiral ganglion 
cells.
To establish further the use of this MoAb in routine 
immunohistochemistry, we tested Bouin-fixed, paraffin- 
embedded sections of mouse stomach and ileum for their 
reactivity. No differences were found when the staining 
patterns were compared with the results shown above,
<----------------------------------------------------------------------------------------------------------- - -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fig. 2A-J. Paraffin sections of mouse and rabbit tissues incubated 
with CK-BYK/21E10 and stained with AEC. Nuclei were count­
erstained with hematoxylin. A Mouse gallbladder (x600). Staining 
can be seen in the epithelial cell layer (small arrow) and in the 
smooth muscle cell layer (large arrow). Connective tissue (black 
dot) is negative, staining of the nuclei is due to the hematoxylin 
counterstain. B, C Rabbit gallbladder (serial sections, x500), incu­
bated with CK-BYK/21E10 (B), or with PBS (C) as a negative 
control. Small arrow’s indicate the epithelial layers, connective tis­
sue is indicated by black dots. D Mouse stomach (x500): Intense 
staining is seen in the parietal cells (arrowheads), other cells are 
negative. E Mouse ureter (x600). Staining is observed in the uro- 
thelium (small arrow), and in the smooth muscle cells (large ar­
row). The layer of connective tissue (black dot) is negative. F 
Mouse testis (x400) incubated with CK-BYK/21E10 is negative. 
G  The epithelial cells (small arrow) of the epididymis (x600) are 
positive in contrast to connective tissue (black dot). Staining at the 
bottom of this figure is caused by the presence of smooth muscle 
cells. H, I Retina of the mouse (x500) incubated with CK- 
BYK/21E10 (H) or with PBS (1). The most intense staining is 
found in the inner segments of the photoreceptor cells (asterisk) 
and in the outer plexiform layer (open square). Note the absence 
o f staining in the outer segments of the photoreceptor cells (open 
circle) J  Mouse cerebellum (x500). High amounts of B-CK are 
seen in the Purkinje cells (large arrow), both in the perikarya and 
in the dendrites which can be observed in the molecular layer (up­
per side). Golgi 2 cells (cui'ved arrow) present in the granular lay­
er also contain high amounts of B-CK
showing that CK-BYK/21E10 can also be used with 
Bouin’s fixative. Finally, the use of the MoAb in the IFA 
on unfixed frozen sections was tested. Because in this 
case the background staining of mouse tissues (except 
for cerebellum) was too high, the assay was performed 
on rabbit tissues. Findings as summarized in Table 1, 
clearly demonstrate that the staining pattern of the fixed 
paraffin sections corresponds to that of the unfixed fro­
zen sections, indicating that the MoAb can be used for 
both methods.
Western blot analysis
To control the results of the immunohistochemical as­
says, a Western blot was performed on lysates of several 
different mouse tissues (Fig. 3). The low amount of B- 
CK present in the lysates of striated muscle (not visible 
in Fig. 3, however, a very faint band was seen in this tis­
sue when higher amounts of protein were loaded) and 
kidney indicates that the staining found with the immu­
nohistochemical assay of these tissues was indeed main­
ly background staining. For the other tissues tested, there 
is good correlation between the results of these two as­
says. These results confirm that, at least under the exper­
imental conditions used, no other epitope is recognized 
by MoAb CK-BYK/21E10 in various tissues.
CK-BYK/21E10 in immuno-electron microscopy (IEM)
The use of the antibody in IEM was tested on rabbit 
photoreceptor cells and smooth muscle cells. Sections 
were incubated with the MoAb and upon incubation 
with the second antibody, the presence of antigen was 
directly revealed by protein A coupled to 10-nm gold
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Fig. 4À-E. Immuno-electron micrographs, incubated with CK- 
BYK/21E10 and labeled with 10-nm gold particles. A Low mag­
nification of rabbit photoreceptor cells. Lowicryl, x7000. Inner 
segments (asterisk) and outer segments (black dots) can be dis­
tinguished. Note the presence of numerous mitochondria in the in­
ner segment (arrow)* B Higher magnification of A (Lowicryl, 
X60000), demonstrating the high amounts of label in the inner 
segments (asterisk)^ and the total absence of label in the outer seg­
ments (black dot). C Basal bodies (arrows ,  Lowicryl x40000) in 
the inner segments do contain label, but not more than the sur­
rounding cytoplasm. D Smooth muscle cell of the muscularis mu­
cosae of the rabbit stomach. x50000. The typical corkscrew­
shaped nucleus (upper side) is free from label. In the cytoplasm, 
B-CK is mainly distributed over the myofilaments, as can be seen 
at a higher magnification. E xBOOOO. Ño accumulation of label is 
found in the dense plaques (arrows)
particles. The specificity of the reaction was determined 
by incubating serial sections with COTL1, a mouse 
MoAb to human colon carcinoma (Poels et al. 1992), as 
a negative control.
In photoreceptor cells, B-CK expression proved to be 
restricted to the inner segments (Fig. 4A-B). Label was 
found equally distributed throughout the cytoplasm, no 
concentration was seen in the vicinity of specific organ­
elles such as mitochondria and basal bodies (Fig. 4C). 
The outer segments of rods and cones were negative, 
which is in accordance with the results of the immuno­
histochemical assays. In smooth muscle cells, B-CK was 
shown to bind actin filaments of the contractile system 
(Fig. 4D-E). In the dense plaques, no increased reaction 
was observed. As expected, nuclei and mitochondria 
were negative.
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Discussion
The cell-type-specific expression of the B-isoform of 
creatine kinase (B-CK) has been studied in a wide vari­
ety of tissues from various species ranging from sea ur­
chin sperm (Tombes and Shapiro 1985), monkey brain 
(Mora et al. 1991), rat kidney (Friedman and Perryman 
1991) to human limb buds (Shinohara et al. 1991). Thus 
far, however, the reports describing the distribution of B- 
CK within one species mostly concerned mRNA studies 
(Trask and Billadello 1990) or protein analysis of total 
tissue lysates (Dawson and Fine 1967; Yasmineh et al. 
1976; Argiroudis et al. 1982; Beatty and Doxey 1983; 
Galitzer and Oehme 1985; Lindena et al. 1986). Only 
few immunohistochemical studies of localizations of B- 
CK and M-CK isoenzymes have been published (Wold 
et al. 1981) using mostly polyclonal antisera. Because 
only very few reports have focussed on mice (Ikeda and 
Tomonaga 1987; Spicer and Schulte 1992), a detailed in­
ventory of B-CK distribution in this animal is lacking. 
This is unfortunate because the mouse has recently prov­
en to be particularly useful for the examination of the bi­
ological role of the CK system, through the generation 
of animal models overexpressing (Koretsky et al. 1990; 
Brosnan et al. 1993), or lacking (van Deursen et al. 
1993, 1994a, 1994b) CK-isoenzymes. For these reasons 
we studied the reactivity of MoAb CK-BYK /21E10 in 
various mouse tissues.
Since the MoAb was raised against a peptide derived 
from the human B-CK sequence, it was necessary to test 
whether it would recognize B-CK from other species. 
Comparison of the sequences from mouse, rat and rabbit 
with the human peptide (Fig. 1A) demonstrates 88% 
amino acid conservation in rat and 82% in mouse and 
rabbit (human M-CK, which is not recognized by the 
MoAb, only has a 41% homology in this fragment). In­
terestingly, this provides some information about the 
epitope recognized by the MoAb. As Western blotting 
(Fig. IB) demonstrates that B-CKs of all species tested 
are recognized by CK-BYK/21E10 and sequence com­
parison shows only one stretch of eight consecutive ami­
no acids conserved in all four species, this conserved oc- 
tamer seems likely to contain the epitope.
Background staining with secondary antibodies often 
poses a problem when using homologous systems (i.e., 
mouse MoAbs on mouse tissues), because of the pres­
ence of endogenous immunoglobulins (Ig’s). When us­
ing fixed paraffin-embedded mouse tissues, this problem 
was only encountered with striated muscle and kidney 
sections. However, it became more severe when IFAs 
were performed on unfixed frozen mouse sections. In 
this case only mouse cerebellum showed no background 
staining, presumably because brain is the only tissue that 
is kept free from endogenous Ig’s by the blood-brain 
barrier. A small panel of rabbit tissues was therefore 
used for species comparison and to test the potency of 
MoAb CK-BYK/21E10 for immunohistochemistry on 
non-fixed tissue sections. No differences were apparent 
between the results obtained with the two techniques 
used (IPO and IFA) on the tissues analysed, and no sig­
nificant differences were found between tissues of the
two rodent species. Staining of rabbit tissues for B-CK 
also allowed us to establish the expression pattern of this 
subunit in striated muscle and kidney. As expected, skel­
etal muscle was negative, except for staining of the 
smooth muscle layers surrounding many blood vessels, 
which was seen when IFAs were performed. This might 
be the source of the small amount of B-CK that was 
traced in skeletal muscle extracts by Western blotting.
Our study revealed the presence of B-CK in mouse 
lung in both the ciliated and the secretory cells of the 
pseudostratified epithelial linings of the trachea and the 
bronchial trees. In rat lung, presence of both M-CK and 
B-CK subunits has already been demonstrated at the 
mRNA (Trask and Billadello 1990) and protein (Lindena 
et al. 1980) levels in whole tissue extracts. In these stud­
ies, however, no further specification of the cell-type- 
specific distribution of the CK isoforms was given.
In intestines, B-CK expression was found to be main­
ly restricted to the absorptive epithelial cells, in which 
apical staining was more intense than basolateral stain­
ing. This is in agreement with the results of Keller ¿md 
Gordon (1991), describing a distinct concentration of 
BB-CK in the brush border terminal web domain of 
chicken intestinal epithelial cells, although the apical 
staining in mice seems more diffuse. Expression in indi­
vidual cells was more pronounced in small intestine than 
in large intestine. In the stomach, high B-CK levels were 
found only in the parietal cells (Fig. 2D). These cells 
contain large numbers of mitochondria and are responsi­
ble for gastric acid production. The main protein in­
volved in this high energy-demanding process is gastric 
H,K-ATPase (Klaassen and de Pont 1994). Functional 
coupling between specific ATPases and cytosolic CKs 
has been demonstrated in several tissues and species 
(Wallimann et al. 1984; Blum et al. 1991; Gordon and 
Keller 1992). B-CK in parietal cells may thus play a role 
in providing gastric H,K-ATPases with ATP. Indeed we 
have recently obtained biochemical evidence that there 
is a close association of both enzymes in these cells (da­
ta not shown). The staining of the columnar epithelial 
cells of the gallbladder (Fig. 2A-C) reflects the high en­
ergy demand of bile concentration, which is also driven 
by a proton ATP-ase (Plevris et al. 1992).
In rabbit kidney, staining was restricted to the traject 
of distal convoluted tubules to collecting ducts in the 
outer medulla and the cortex. This was confirmed by in­
cubating serial sections for calbindin-D2Hk, a protein 
found in the principal cells of the distal convoluted and 
connecting tubules in rabbit. In rat kidney, however, B- 
CK has been located in the inner stripe of the outer me­
dulla, particularly in the thick ascending limb of the loop 
of Henle and in the distal convoluted tubules (Friedman 
and Perryman 1991). The species specificity of these 
differences was demonstrated by incubating rat kidney 
sections with our MoAb (data not shown), which largely 
confirmed the staining pattern described by Friedman 
and Perryman (1991).
Epithélia of the epididymis, vas deferens, seminal 
vesicles and prostate contained high levels of B-CK. 
Seminal vesicles and the prostate gland are known to be 
sources of B-CK in seminal plasma (Soufir 1979; Kava-
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nagh and Darby 1983). Interestingly, testes (including 
immotile sperm cells) were almost negative, a finding 
that was confirmed by Western blot hybridization. These 
results raise questions concerning the origin of the high 
levels of B-CK present in motile sperm cells (Wallimann 
et al. 1986a; Tombes et al. 1987).
In the compartments of the CNS (cerebral hemi­
sphere, choroid plexus, cerebellum (Fig. 2J), spinal 
cord) that were analysed, B-CK was only detected in 
neural cells and not in glia cells, and was expressed in 
grey matter at levels higher than in white matter. This is 
in accordance with in vivo localized 31P spectroscopy of 
the human brain (Cadoux-Hudson et al. 1989), demon­
strating CK-activity in the grey matter to be twice that of 
the white matter. The very high levels of B-CK found in 
the Purkinje cells have been described previously (Kato 
et al. 1986; Ikéda and Tomonaga 1987). Earlier immuno­
histochemical and in situ hybridization studies in brain 
yielded conflicting results on whether B-CK is found on­
ly in neurons (Bergen et al. 1993), only in glia cells 
(Thompson et al. 1980) or in both neurons and glia cells 
(Yoshimine et al. 1983; Ikeda and Tomonaga 1987; M a­
nos et al. 1991). Based on findings for cultured oligo­
dendrocytes, it was proposed that B-CK plays a role in 
these cells during myelinogenesis (Manos et al. 1991). 
We cannot exclude that the absence of B-CK in these 
cells might be due to the use of adult mice, in which my­
elinogenesis has almost been completed, although the 
differences may also be due to trivial differences in anti­
body preparations. Alternatively, epitopes buried in the 
molecule may be differently recognized by different an­
tibodies. Thus, it is possible that distinct cell-type-de- 
pendent conformations of the B-CK enzyme may mask 
the epitope recognized by our MoAb. Indeed, confor­
mational flexibility of the N-terminal region of B-CK 
that harbours the epitope for our MoAb has been demon­
strated (Morris and Nguyen thi Man 1992). Regardless 
of the explanation, staining with this new B-CK-specific 
MoAb confirms the results obtained by in situ hybridiza­
tion with a B-CK-specific DNA probe (Bergen et at.
1993), thus warranting further study of B-CK production 
in glia cells.
In the eye, B-CK was found in the epithelial layers of 
the cornea, and throughout the retina, with the highest 
concentrations in the inner segments of the photorecep­
tor cells as well as in the plexiform layers. This is in 
agreement with the situation described for chicken retina 
by Walliman et al. (1986b). The expression of B-CK de­
scribed for bovine photoreceptor cell outer segments 
(Hemmer et al. 1993) could not be detected in mice, but 
may again be attributed to differences in epitope recog­
nition as discussed above. Although staining of the inner 
ear was less pronounced, possibly as a result of the dé­
calcification procedures, a reaction pattern closely re­
sembling that described by Spicer and Schulte (1992) 
was found. Only within the stria vascularis was moder­
ate B-CK staining observed, whereas these authors de­
scribed M-CK to be the sole CK isoform present in this 
area.
IEM analysis of the distribution of CK subunits has 
so far been mainly restricted to the mitochondrial iso­
forms and to the M-CK subunit, although few reports de­
scribed the use of anti B-CK polyclonal antibodies in 
IEM (Hemmer et al. 1993; Tomimoto et al. 1993). A B- 
CK-specific MoAb that can be used for this technique is 
therefore of particular value for determining the intracel­
lular localization of the B-CK subunit. MoAb CK- 
BYK/21E10 tested on rabbit retinal photoreceptor and 
smooth muscle cells detected a distinct cytoplasmic re­
action pattern, whereas nuclei and mitochondria were 
negative, thus proving the suitability of this antibody for 
IEM. In photoreceptor cells, B-CK was exclusively 
found in the inner segments, while the outer segments 
were negative, confirming the results obtained with the 
immunohistochemical analysis at the light-microscopic 
level. In smooth muscle, B-CK was found on the actin 
filaments (Fig. 4D-E). This is in complete agreement 
with the results of Clark et al. (1992) demonstrating the 
localization of B-CK on the contractile system of 
skinned fibers of guinea-pig taenia coli.
Clearly, a more elaborate, cell-type-specific IEM 
analysis is needed to further our understanding of B-CK
distribution at the ultrastructural and cellular levels.i
From the analyses presented here, we conclude that our 
new MoAb, which is of the IgG2b subtype, can be ap­
plied to both immunohistochemical and biochemical ap­
proaches in these studies.
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